This paper pioneers the avenue of enhancing a well-known paradigm in game playing, namely the use of History-based heuristics, with a totally-unrelated area of computer science, the field of Adaptive Data Structures (ADSs). It is a well-known fact that highly-regarded game playing strategies, such as alpha-beta search, benefit strongly from proper move ordering, and from this perspective, the History heuristic is, probably, one of the most acclaimed techniques used to achieve AI-based game playing. Recently, the authors of this present paper have shown that techniques derived from the field of ADSs, which are concerned with query optimization in a data structure, can be applied to move ordering in multi-player games. This was accomplished by ranking opponent threat levels. The work presented in this paper seeks to extend the utility of ADS-based techniques to two-player and multi-player games, through the development of a new move ordering strategy that incorporates the historical advantages of the moves. The resultant technique, the History-ADS heuristic, has been found to produce substantial (i.e, even up to 70%) savings in a variety of two-player and multi-player games, at varying ply depths, and at both initial and midgame board states. As far as we know, results of this nature have not been reported in the literature before.
Introduction
The problem of intelligently playing a game against a human player using AI techniques has been studied extensively, leading to many well-known techniques, such as the alpha-beta search scheme, capable of achieving excellent performance in a wide variety of games [1] . The performance of alpha-beta search can be further improved by proper move ordering, which can lead to improved tree pruning and thus permit deeper search or a farther look-ahead in the game [2, 3] . Specifically, the best pruning is obtained when the best move is searched first, thus leading to a wide range of move ordering heuristics, such as the Killer Moves and the History B.J. Oommen-Chancellor's Professor ; Fellow: IEEE and Fellow: IAPR. The second author is also an Adjunct Professor with the Dept. of ICT, University of Agder, Grimstad, Norway. heuristic, that seek to obtain this arrangement in an environment where perfect information is naturally unavailable [3, 4] .
Originally unrelated to game playing, the field of ADSs deals with the dynamic optimization of a data structure based on the object access frequencies [5, 6] . ADSs attempt to solve the problem of the uneven accesses of objects by reorganizing them in response to queries. The field provides a wide range of methods to accomplish this, such as the Move-to-Front and Transposition rules for adaptive lists [7] . As the objective is to improve the performance of the data structure, these operations, by necessity, must be inexpensive to implement [7] .
Previously, the authors of this present paper, demonstrated that techniques derived from ADSs had applications in game playing, particularly within the context of move ordering, leading to the development of the Threat-ADS heuristic [8] for multi-player games. The Threat-ADS heuristic operates within the context of the Best-Reply Search (BRS) for multi-player games, where opponents' moves are grouped together to form a "super-opponent", who minimizes the perspective player's gains [9] . The Threat-ADS places the opponents within an adaptive list, and groups opponent moves based on the list, achieving statistically significant improvements in terms of tree pruning in a wide variety of cases [8,10]. Based on the success of the Threat-ADS, our submission is that it is worthwhile to investigate if ADSs can achieve improvements to move ordering using a metric other than opponent threats. This is the focus of this work.
The rest of the paper is laid out as follows. Section 2 describes, in more detail, the motivation for this research endeavour. Section 3 details the History-ADS, our new technique described in this work. Section 4 describes the experiments we have performed to demonstrate the History-ADS' capabilities. Section 5 presents the results from the experiments we have conducted, and Section 6 contains the discussion and analysis of the results we have obtained. Finally, Section 7 concludes the paper.
Motivation
The well-known and historically successful Killer Moves and History heuristics, among others, make use of the concept of move history to achieve move ordering [3] . Specifically, they are based on the hypothesis that if a move produced a cut earlier in the search of the game tree, it is likely to be a strong move if it is encountered again, and it should thus be searched first. The proven performance of these techniques shows that this hypothesis is valid, and we know that move history is a metric by which move ordering can be achieved.
The previous success of the Threat-ADS heuristic demonstrates that ADSbased techniques can provide tangible benefits, in terms of move ordering, within game tree searches. Given that it can achieve this using opponent threats, and move history is known to be a worthwhile metric for move ordering, it is reasonable to believe that ADSs can use move history as well as opponent threats. This can intuitively be achieved by having an ADS hold moves, rather than opponents, and update its structure when a move produces a cut, thereby keeping moves that frequently produce cuts near the head of the data structure.
